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Abstract 
Aerial photography using Unmanned Aerial Vehicle (UAV) has been widely used for several applications except for agricultural 
sector which is still quite rare. The purpose of this study was to determine rice plant fertility using aerial photos. Photos were 
analyzed using visual basic program to find out the leaf color level. Level of leaf color is divided into four classes. Validation 
result from image processing using weighted accretion is obtained 94.67%. The requirement of urea in the field is 43.72 kg based 
on aerial photos and LCC, respectively. This study finds that the application of aerial photo could reduced 27.1% the used of urea. 
© 2015 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the LISAT-FSEM Symposium Committee. 
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1. Introduction 
 
Rice is one of agricultural crops that is very important especially for Southeast Asian countries, because most of 
people in these countries consume rice and make it as staple food. Generally, rice seedlings are planted within a 
short time in a rod that usually have 20 to 30 leaves per population [1]. Although, the labor in agriculture sectors are 
keep declining. It is due to most of the young people are more proud to work in an office or industry than in 
agricultural sectors. The unpredictable crop price is one of the big problems that sometimes it makes the crop price 
is so cheap. It needs several solutions in order to keep the agricultural sector  running. 
Control system is one of several technological solutions for agricultural sector that can be applied to precision 
farming. With today's technological advances, there has been a method to determine paddy fertility using image 
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analysis. This method makes it possible to obtain accurate data and faster time in analysis. Moreover, some methods 
have been developed to estimate the crop's productivity through image analysis. This could be done by separating 
the plant color composition with other objects in the picture. This segmentation process is based on the pixel values 
from the obtained images. The color at each pixel is determined from a combination of red, green, and blue which is 
stored in 8-bit color. It has 16 million color combinations which is called true color [2]. 
The aim of this study  is to determine rice fertility using aerial photos by acquiring images that are perpendicular 
to the land. It uses a camera installed in multi-copter. Moreover, visual basic is used to define the rice fertility from 
images processing. Then, the application of fertilizers could be done evenly by using this image from previous 
results. 
2. Methodology 
2.1. Time and Study Site 
This study was conducted at Bioinformatics Laboratory in Mechanical and Biosystem Engineering, Faculty of 
Agricultural Engineering and Technology, Bogor Agricultural University. Some field visitations are conducted in 
the rice fields in Marga Jaya village, Dramaga (Bogor). 
2.2. Tools and Materials 
Tools and materials are used in this study such as hexacopter kit, Gimbal mount the camera as a place to put the 
camera on a multi-copter, 9 ch Transmitter (turnigy 9XR) as a motion controller to multi-copter associated with the 
receiver, tin solder, Solder, Computer, RGB camera, leaf color chart (LCC) IRRI 4 levels, Servo 9 grams, Flying M 
controller DJI NAZA LITE, Visual Basic program for image processing. 
2.3. Multi-copter Assembly 
Multi-copter assemble is carried out so that it could lift the camera and has the stability to lift up more than 20 
meters above ground level. Hardware and software should be calibrated to minimize the risk of undesirable things 
such as error on the motor, ESC (Electronic Speed Control), microcontroller on and the crash of  multi-copter at the 
time of data collection [3]. 
2.4. Program Formulation 
Image processing program was performed using Visual Basic Software. The program is created to determine the 
green color level of the image based on aerial photos taken and leaf color chart. Validation program was conducted 
with rice leaf that have different levels of LCC on some random leaf as a reference to the accuracy of image 
processing result. Furthermore, the green leaf map is obtained to determine the fertility the plant in the field and also 
to quantify the amount of fertilizer needed. 
2.5. LCC Data Collecting in Field 
LCC is a tool that can be used to determine the fertility of rice plant in a field directly by matching the colors 
listed with the rice plant color leaves [4]. Data collection was carried out directly on the field using 4 m2 of boxes. 
Furthermore, data on green color level of rice based on LCC were collected. 
2.6. Validation 
Validation was done by comparing the results between field data and image processing result. Two equal color 
maps were obtained from the leaf color level. The validation was conducted in order to determine accuracy of the 
program that has been developed. 
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3. Results and Discussion 
3.1. Multi-copter Assembly 
Multi-copter is air vehicle with a rotor in each of its arm, it has an ability to take off and landing vertically 
(VTOL) [5]. It similar with a conventional helicopter that can hover, but have other significant advantages such as 
easy to control and adopting mechanical simplicity. In this research, multi-copter was built to take aerial images of 
the field.  
After the components calculation and multi-copter assemblage, it is important to input multi-copter command 
system on the transmitter in order to make the transmitter signal similar with receiver. it includes a percentage on 
throttle, aileron, rudder, elevators, as well as switch gear used. After that, the multi-copter must be tested to ensure 
that there will be no problem during the flights. The difference between multi-copter and plane RC is the ability to 
stay still in certain spot. The plane RC does not have this ability and the picture's resolution of the images gathered 
using plane RC is smaller than multi-copter. In contrast, multi-copter could produce a higher resolution due to the its 
ability to elevate a bigger resolution camera than plane RC [6]. 
3.2. Images Gathering 
Aerial photography is the act of images checking to identify objects and assess their significance [7]. In this 
study, the aerial photos that have been captured in the field will be processed using the program that has been 
developed. In aerial photography, it is important to consider the altitude in order to get high image resolution with 
optimum altitude.  
 
Table 1. Relationship between camera altitude and wide catchment camera 
Camera altitude (m) Camera wide catchment (m2)  Length (m)  Wide (m) 
1.60 10.60 5.31 2.0 
3.05 28.70 7.17 4.0 
4.08 58.02 9.21 6.3 
5.02 92.82 11.05  8.4 
 
 
 
Fig. 1. Relation of camera altitude and wide catchment camera 
 
Table 1 and Fig. 1 show the relationship between the height of camera and the camera catchment area and has 
equation 0.997 of R2. The field area is approximately 3000 m2. The graph shows the essential camera height in 
taking the pictures which is 17.37 m above the land. Previous research proposed the optimum time in capturing  
y = 5.652x2 - 13.241x + 17.16 
R² = 0.9997 
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aerial images is between 07.00 am – 08.00 am to get the optimum lux intensity for image processing [6]. 
3.3. LCC Data Collecting 
Data collection was conducted manually on the field by using LCC in the rice field. This was done by creating 
squares area of  4 m2 in size using  plastic rope prior data collection. 
 
 
Fig. 2. LCC field data 
 
Data obtained manually for corrections purposes of the results from image processing program (Fig. 2). On the 
data obtained, the dominance value is level 3 LCC. Collecting the data of LCC was taken from the grid with the size 
is 4 m2. It was selected based on the literature on fertilizer spreaders and in order to get the data for more thorough 
validation because the method of data collection using LCC just take a sample of 10 random leaves on a stretch of 
the observed. 
In the data collection of LCC was conducted at 43 day after planting. LCC data retrieval was taken only once on 
the same day as the taken of aerial picture on the land as the data used in the validation. The first fertilization was 
used 125 kg of urea were mixed with 25 kg of KCL and 25 kg of TSP and rice planted using Inpari 13. 
3.4. Creation and Image Processing Program 
Image is a two-dimensional picture of the field of. Judging from the mathematical point of view, image is a 
continuous function and the intensity of light in the field of two-dimensional [8]. The image processing program was 
developed using Visual Basic. This program was developed to produce a color mapping of the observed LCC level. 
There were three processing programs of the filter such as, the ground, background, and grid LCC that have a 
function to get the desired image color when image are being processed. 
Before the processing of the image, the program must be validated by using several leaves with different levels 
3 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3
3 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3
3 2 2 2 2 3 2 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
2 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 4 4 3 3 3 3 3 3 4 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 4 4 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 4 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Information
2 : Level II LCC
3 : Level III LCC
4 : Level IV LCC
5 : Level V LCC
262   P.P. Rizky Aidil et al. /  Procedia Environmental Sciences  24 ( 2015 )  258 – 265 
of LCC. The color testing of the leaves were found to be of 100% accurate so it can be used as a reference for 
validating the rice plant field. 
Before the image processing, the obtained images must undertake some actions, because these images were 
taken were using GoPro camera that produces convex image. By using lens correction feature from Photoshop 
program and then validated with the same land image to obtaine the same image with the original image. 
 
 
Fig.3. image processing of picture 
 
Fig. 3 Shows the image processing performed by the software. Step A is removing the picture's background, Step 
B is modifying the color composition green color, then in Step C is transforming the green composition in the 
picture to the color in the LCC in order to help the reader to recognize the color from the image processing. 
3.5. Image Validation 
Validation is an important thing for the program to get a good accuracy. Validation is done by matching the data 
obtained by direct measurement on the field and the data obtained from images processing through the artificial 
program.  
The image processing process used separately where the image cropped in order to facilitate the determination of 
the grid on the land in order to approach the original grid size is equal to 4 m2. The image is divided into 11 sections 
to make it  easy during the image processing process. 
The results of the image that has been known to LCC levels when finish processing program, then be 
transformed into  Ms Excel format to obtain the value of difference color in the form of leaf color level as shown in 
Fig. 4. 
The results obtained in Fig. 4 were used for equated with the results of direct measurements in the field in Fig. 4. 
In the validation will be sought percentage of color accuracy on both the results of the data obtained. 
 
Table 2. Validation test of system  in the first field 
Manual LCC Estimation result of the system 
Number of sample Level I Level II Level III Level IV Level V Accuracy (%) Weight Weighted accuracy (%) 
Level II 25 18 7 0 0 72.00 0.034   2.47 
Level III 692 16 668 8 0 96.53 0.950 92.01 
Level IV 9 0 5 4 0 44.44 0.012   0.55 
Level V - - - - - - - - 
Total 726 Total  95.04 
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Fig.4. (a) Comparison of LCC value of land; (b) the results of the program  
 
Table 3. Validation test of system in the field in second field 
Manual LCC Estimation result of the system 
Number of sample Level I Level II Level III Level IV Level V Accuracy (%) Weight Weighted accuracy (%) 
Level II 7 6 1 0 0   85.71 0.051   4.411 
Level III 128 2 125 1 0   97.65 1.1.1. 0.941 1.1.2. 91.905 
Level IV 1.1.3. 1 1.1.4. 0 1.1.5. 0 1.1.6. 1 1.1.7. 0 1.1.8. 100.00 1.1.9. 0.007 1.1.10.   0.700 
Level V 1.1.11. - 1.1.12. - 1.1.13. - 1.1.14. - 1.1.15. - 1.1.16. - 1.1.17. - 1.1.18. - 
Total 1.1.19. 136 1.1.20. Total 1.1.21. 97.016 
 
Table 2 and Table 3 show the first and the second validation from each field observation, it then compared with 
manual readings and the result obtained weighted accuracy of 95.04% and 97.016% for the first and second field 
respectively. 
3.6. Fertilization and Work Map 
This study finds that there are differences between the results obtained from the program and the result from 
field observations. In the observed land, it should be given extra fertilizer because the level of the rice leaf LCC 
under LCC critical value was IV, because the field has a productivity of 8 tons / ha. The LCC processing by using 
the program has some differences that occur with data retrieval LCC is manually on land due to the  different in the 
calculation so that fertilizers applied to subsequent fertilization treatment [9]. 
 
Table 4. The results of urea calculation fertilizer demand 
LCC level 2 3 4 5 Total 
Grid total 30 684 12 0 726 
Fertilization totals (kg) 2.1 41.04 0.6 0 43.74 
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Fig. 5. Fertilization maps based on the results of the program 
Table 4 presents the calculations that have been carried out on the land based on data from the processing 
program. In the calculation of field using a grid where each grid unit has an area of 4 m2 and so the fertilization 
using urea need  70 grams / grid for LCC level II, 60 grams / grid for LCC level III and 50 grams / grid for LCC 
level IV according to the work maps produced in Figure 5, while farmers apply 60 kg of urea fertilizer for paddy 
fields were observed, with using this work map, the farmers only give 43.73 kg of urea for the field. Therefore the 
farmers can save a urea of 27.1% for subsequent fertilization at 50 day after planting [10]. 
4. Conclusion and Suggestion 
4.1. Conclusion 
Mapping using multi-copter is still have difference accuracy by using LCC manually. This was due to the 
difficulty in distinguishing pixel colors of rice leaves and the fisheye effects from the camera which resulted in a 
change of land into a convex image. 
Taking pictures using multi-copter could produce images that have a greater resolution than using aircraft, 
because multi-copter can load more stuffs than mini air plane and it can take pictures with a stable field. The image 
processing obtained the weighted accuracy of 95.04%.  By using this method, the use of urea fertilizer is decreased 
by 27.1%. 
4.2. Suggestion 
This method needs to be developed using flat camera for some different commodities and other applications. In 
the next step of this study, autonomous systems could be used as control system to enable the multi-copter to 
automatically take pictures without being controlled by the user/transmitter. 
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